Blood Flow in Fingers in Generalized Scleroderma with Raynaud's Phenomenon: Influence of Arterial Blood Pressure Reduction and Proximal Vasodilatation  by Kristensen, Johannes K.
0022-202X/ 81 / 7704 -0373$02.00/ 0 
'THE JOURNAL Ot- INVESTIGATIVE DERMATOLOGY, 77:373-376, 1981 
Copyright © 1981 by The Willia ms & Wilkins Co. 
Vol. 77, No.4 
Printed ill U.S.A. 
Blood Flow in Fingers in Generalized Scleroderma with Raynaud's 
Phenomenon: Influence of Arterial Blood Pressure Reduction and 
Proximal Vasodilatation 
JOHANNES K. KRISTENSEN 
The University of Copenhagen, Departm.ent of Dermatology, Rigshospital, Cop enhagen, Denmarh 
Maximum reactive hyperemia following vascular oc-
clusion can be taken as an estimate of tissue blood flow 
capacity. Ten patients with generalized scleroderma and 
Raynaud's phenomenon and 7 normals were studied. 
Blood flow was estimated in subcutaneous tissue of fin-
gers by the local 133Xenon washout technique. Blood 
pressure cuffs were applied around the upper arm and a 
finger just proximal to the 133Xenon depot. Blood flow 
was estimated before and after inflation of each cuff. 
Decrease in arterial perfusion pressure head in fingers 
was obtained in 3 ways, viz. (a) by proximal vasodilata-
tion, (b) by elevation of the limb, and (c) the combination 
of (a) and (b). At heart level, maximum 133Xenon washout 
rate was always lower when the whole arm participated 
in the hyperemia illustrating the effect of proximal vaso-
dilatation. Maximum blood flow was significantly de-
creased in the patients as compared to normals. When 
the fingers were elevated by 40 em, reactive hyperemia 
disappeared in the patients. In normals, hyperemia was 
not abolished until the fingers were elevated by 60 cm. 
This simple maneuvre might be a suitable provocation 
test showing the effect of a decrease in arterial perfusion 
pressure, when organic vascular stenosis exists. Seem-
ingly unimportant lowerings of systemic blood pressure 
probably are followed by similar changes in finger blood 
pressure in the patients where they may represent a 
drastic reduction in blood pressure. This effect may have 
consequences for the use of systemic vasodilator drugs 
in late scleroderma. 
Lewis and Landis advocated the idea that, in generalized 
scleroderma of the acrosclerosis type, structw'al changes of 
digital vessels result in vasospastic attacks dW'ing exposure to 
cold [1]. Later studies have reached the conclusion that partial 
vascular obstruction, acted upon by a normal vasomotor tone, 
r esults in Raynaud's phenomenon [2]. It was shown previously 
that finger perfusion pressure was reduced in generalized scle-
roderma [3] resulting in a diminished or absent "reactive hy-
peremia" response [4,5]. Obstructive arterial disease has been 
shown arteriographically [6], and in advanced scleroderma the 
finger tip blood flow was decreased and the vessels reacted as 
passive elastic tubes lacking autoregulatory capacity [5]. These 
findings might explain why vasodilator treatment and sympa-
thectomy is ineffective in most patients with Raynaud's phe-
nomenon and scleroderma [7]. In a peripheral vascular bed 
where maximum dilatation of small arteries and arterioles is 
already achieved due to hypoxia, vasodilator treatment might 
even have the adverse effect of distributing blood flow to less 
affected areas [8]. The present study aimed at studying this 
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question in more detail and possibly finding a useful parameter 
by which the clinical result of vasoactive t r eatmen t migh t be 
predicted. 
PATIENT POPULATION AND E X PERIME NTAL 
CONDITIONS 
Informed consent was obtained before each experiment. Ten patients 
suffering from generalized scleroderma and Raynaud's phenomenon 
were investigated. Ages ranged from 22 to 75 yr , disease duration from 
2 to 22 yr. Seven normal persons aged 24 to 65 yr served as controls. 
During the experiment, room temperature was kept constan t at 24° ± 
1°C. The subjects were seated on an adjustable chair, the legs pendent, 
the arm and head resting in an evacuated pillow on a shelf. T he set-up 
provided a constant distance between the y-detector and the '""Xenon 
depot during changes in position of the arm (constan t counting geom-
etry) . 
METHODS 
Blood flow in subcutan.eous tissue on the dorsum of the proximal 
finger phalanx of the right second fin ger was estimated using the local 
""lXenon washout technique [9]. Subcutaneous injections of 0.1 ml 
,"aXenon dissolved in sterile isotonic saline (3 mCi;ml ) were given 30 to 
60 min before the experin1ents were stru·ted. A miniature blood pressure 
cuff (cuff width 20 mm) was placed immediately proximal to the 
'
3aXenon depot and another blood pressure cuff was placed on the 
upper arm. The I3"Xenon depot was not compressed. '""Xenon washout 
rate constant (k(p,"-i,,''',mi''') was recorded during 5 min . T hereafter, the 
small cuff was infla ted to 300 mm Hg for 6 min, then suddenly deflated 
while "l3Xenon washout was recorded for a further 15 min during which 
the hyperemia period and the return to resting bl ood flow levels (k(p".". 
"YI"".mi' ») was observed. The big cuff on the upper arm was now inflated 
to 300 mm Hg and the sequ ences were repeated. 
In 3 normals and 5 patients the experiments were perfo rmed as 
above and th en r epeated dW'ing elevation of the aj'm to 40 em above 
heart level (corresponding to a decrease in ruoterial perfusion pressure 
head of about 30 mm Hg) . In the 3 normals, the experiments were 
performed also during elevation to 60 cm above heru·t level (a decrease 
by 45 mm Hg in rut erial perfusion pressure head) . As venous pressure 
is close to zero at heru·t level and in an elevated position, perfusion 
pressure is close to ·ru·terial pressure. 
Control Experimen.ts 
Five experiments were performed in one normal person. 0.1 mI 
'""Xenon in sterile isotonic saline wi th admixture of papaverine 2 mg 
was inj ected subcutaneously on the dorsum of the second right proximal 
finger phalanx. Blood pressure cuffs were applied as described above. 
Experiments were stru·ted 5-10 min after the injection. '3"Xenon wash-
out was recorded before, dUJ"ing and after inflation of the cuffs, at heru·t 
level and during elevation of the '3:)Xenon depot to 60 cm above heru·t 
level. 
MEASUREMENTS, CALCULATIONS AND STATISTICS 
A NaI(Tl) scintillation detector was placed 10 cm above the 
radioactive field. The detector was connected to a printing 
gamma-spectrometer with a window set around the 0.081 M eV 
photopeak of IJ:JXenon. The activity was printed out at 10-
second intervals. The count rates were plotted versus t ime on 
semilogarithmic paper after subtraction of background activity. 
Mean perfusion coefficient, f, can be calculated from the r e-
arranged Kety-formula [10]: f = k . A . 100 m1/ 100 g ° min, 
where h denotes the washout rate constant in min- I and A the 
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subcutaneous tissue to blood partition coefficient in ml/g. For 
the same radioactive depot, where A remains constant, relative 
blood flow (fl /f2 ) equals relative 133Xenon washout rate (k l / k2 ) . 
As the tissue to blood partition coefficient (A) is unknown for 
subcutaneous tissue, the washout curves were interpreted in 
relative terms as previously described [5]. The maximum wash-
out rate constant kCmux) obtained after release of the cuff was 
expressed as kCnlux)/kcrest)' where -k(rest) is [k(prci>IChemic) + 
kCposthYllcrcmic)] . I/Z . Washout rate constants (k) were computed 
from the recorded count rates corrected for background activity 
followed by logarithmic transformation, as a function of time 
according to the "least square" method. 
Statistical tests for significance included Student's i-test for 
pai.red samples and the randomization test for unpai.red sam-
ples. As limit of significance was chosen 0.05. 
RESULTS 
Control Experiments (Fig 1). 
Papaverin~ in the injection fluid provided vascular paralysis 
as evidenced in the absence of reactive hyperemia. When the 
finger was placed at heart level, "delay" was not observed (that 
is, washout started immediately after release of the cuff pres-
sure). DW'ing elevation, a "delay" was observed after release of 
cuff pressure dUl"ing which washout did not occur. This "delay" 
was always oflonger duration when the proximal cuff was used, 
i.e. , when the whole arm participated in reactive hyperemia. 
Mean delay using the fmger cuff was 0.3 min., and using the 
arm cuff it was 3.0 min. 
Experiments with the Finger at Heart Level (Fig 2 and 3) 
A "delay" was observed as in the control experiments. In 
normals, the mean "delay" after finger hyperemia was 0.2 min 
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F IG 1. Post-ischemic washout curves. Arrows ind icate release of 
occlusion. A: Finger-hyperemia curve. B: Arm-hyperemia curve. A 
"delay" phase was produced by the combined effect of elevation and 
arm-hyperemia. . 
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FIG 2. Post-ischemic washout curves. A rrows indicate release of 
cuff-pressul·e. A: Finger hyperemia. B: Ann hyperemia. A hyperemia 
phase is evident at heart level. D uring elevation to 60 em above heart 
level, the hyperemia phase d isappears. 
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FIG 3. Absolute and relative washout rate constants at rest and 
during maximum post- ischemic washout fo Uowing occlusion of finger 
and arm. 
± 0.07 SEM, and after arm hyperemia it was 0.3 min ± 0.06 
SEM. In the patients, the delay after fin ger-hyperemia was 0.4 
min ± 0.09 SEM and after arm h yperemia it was 0.6 min ± 0.1 
SEM. Relative k(mux) in normals after finger hyperemia was 4.22 
± 0.3 SEM and after arm hyperemia it was 2.83 ± 0.2 SEM (p 
< 0.01). In th e patients, the values were 2.55 ± 0.3 SEM and 
2.34 ± 0.2 SEM (p > 0.2). T he difference between normals and 
patients in fm ger hyperemia was highly significant (p < 0.01), 
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but the difference in arm hyperemia was insignificant (0.05 <: p 
< 0.1) . 
Experiments During Elevation of the Finger (Fig 4). 
Due to slow washout and absent hyperemia reactions in 
several experiments it was not attempted to quantitate the 
"delay." When the finger was elevated, relative k(m", ) dimin-
ished in patients as well as in normals. When normal fingers 
were elevated by 60 cm (corresponding to a decrease in rutedal 
perfusion pressure head of 45 mm Hg) no hyperemia was seen. 
ill the patients (N = 5) only 4 had finger hyperemia at heart 
level and only 2 had ann hyperemia in this position. During 
elevation to 40 cm above heart level, only 2 had finger hyper-
emia, and arm hyperemia h ad disappeared in all patients. 
DISCUSSION 
These results illustrate the preSSUl'e flow relationship in 
fingers. In a low-pressure vascular bed, as found in the patients, 
blood-flow capacity is decreased as evidenced in a decreased 
reactive hyperemia response. A further moderate decrease in 
perfusion pressure extinguished the reactive hyperemia reaction 
in the patients while it is still present in normals. 
Control Experiments 
In the control experiments, in which a mixtw'e of 133Xenon 
and papaverine was used, papaverine provided complete vas-
cular paralysis as evidenced in absence of the reactive hyper-
emia reaction. A passive vascular bed lacks autoregulatory 
capacity as the vessels alI'eady have attained maximum dilata-
tion, which means that a vasodilatation in the proximal part of 
the arm reduces the peIfusion pressure head to the distal part 
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FIG 4. Absolute and relative washout rate constants. Ann hyper-
emia as compared to finger hyperemia; normals as compared to gen-
eralized scleroderma patients. Heart level as compaJ'ed to elevation by 
40 and 60 cm. The number of patients in which reactive hyperemia was 
present is indicated. 
and as vasodilatation is maximum in the distal pal't, blood flow 
will consequently decrease [8]. Blood pressure was reduced in 
3 ways, i.e., (a) by elevation of the linlb, (b) by proximal 
vasodilatation, and (c) the combination of (a) and (b). The 
combinat ion produced chal'acteristic changes in blood flow; a 
complete stop followed by a slow increase to resting levels, a 
finding which must be interpreted as a severe blood pressUJ'e 
reduction in the finger du e to an increased pressUJ'e drop in the 
arm. This effect might be called a "steal phenomenon" [8]. 
"Delay" 
This phenomenon has been described previously when blood 
flow in muscles [llJ and subcutaneous tissues [12] were mea-
sUJ'ed. The present results indicate that th e "delay" may be 
dependent on a decrease in distal blood pressure, but the 
participation of other unknown factors cannot be exluded. The 
"delay" was more pronounced in the patients, present also in 
normals, but alInost absent when vessels were maximally di-
lated by papaverine, unless blood preSSUl'e was severely re-
duced. In the patients, the "delay" was very much increased 
when arm-hyperemia was used . This may be a result of a distal 
blood pressure reduction due to the "steal phenomenon" which 
becomes evident where vascular stenosis is present. 
Hyperemia Reactions 
When compru'ing finger and arm hyperemia at hear t level, 
finger hyperemia was constantly more pronounced t han arm 
hyperemia illustrating the effect of proximal vasodilatation. 
Under such conditions, the pressure drop between the brachial 
and radial arteries increases from about 5 to about 25 mm Hg 
[13). The pressw'e drop along the terminal branches of the 
ruterial system also steepens so that the preSSUl'e at the ru·teri-
oles is markedly depressed, resulting in a decreased maximum 
washout rate as compared to finger hyperemia. DUl'ing eleva-
tion, autoregulation is elicited in muscles and skin [14]. During 
elevation by 40 em corresponding to a decrease in arterial 
perfusion pressure head of about 30 mm Hg, the decrease in 
relative k (" wx) was most pronounced for fin ger hyperemia prob-
ably due to the compensatory ruteriolru' dilatation dUJ'ing de-
crease in perfusion preSSUl'e. When the fingers were elevated by 
60 cm (-45 mm Hg) relative h yperemia was absent, illustrating 
that du e to elevation the vessels have already attained maxi-
mum dilatation. In the patients, weak hyperemia responses 
were evident at heart level, arm hyperemia always being the 
smallest. In the patients in whom elevation was performed it 
was evident that a fUJ'ther decrease in perfusion pressure head 
of about 30 mm Hg had a pronounced effect on the hyperemia 
response, and ann h yperemia was absent in all patients in this 
position, a finding which clearly differentiated between normals 
and patients. This simple maneuvre then might be a suitable 
provocation test showing the effect of a decrease in ru·terial 
peIfusion pressw'e, when organic vasculal' stenosis is present 
[15). 
The effect of blood pressUJ'e reduction on the reactive hyper-
emia response has been investigated in several animal experi-
ments [16,17], and it seems that blood pressw'e reductions to 
about 50 mm Hg extinguishes the reaction as the poststenotic 
vessels has attained maximum dilatation . In a previous paper, 
perfusion blood presSUJ'e in fingers in generalized scleroderma 
was found to be around 75 mm Hg [3). As elevation of about 40 
cm provides a drop of about 30 mm Hg and the a]'m hyperemia 
provides an additional drop of about 25 nun Hg, this brings 
blood pressu]'e in the fingers down to a critical level where 
blood ' flow stops in the hyperemia period (delay). In normals, 
where finger perfusion blood pressure usually is around 90 mm 
Hg, a reduction by 30 mm Hg is not sufficient, while a reduction 
of about 45 mm Hg (elevation by 60 em) r esults in absent 
hyperemia reaction as the hyperemia reaction provides an 
additional reduction of about 25 mm Hg. 
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Therapeutic Implications 
A striking aspect of distal blood flow in severe occlusive 
arterial disease is the paradoxical effects of vasoactive drugs 
[8,18]. T hese paradoxical reactions are probably mainly due to 
ch anges in the distal arterial pressure, secondary to ch anges in 
systemic arterial pressure. Adverse effects of vasodilators in 
generalized scleroderma has previously been described [19], 
and it sh ould be remembered that seemingly unimpor tan t 
changes in systemic arterial pressure of 20 to 30 m m H g are 
probably followed by similar changes in arterial blood pr essure 
in fingers in the patients, wh ere it represen ts a drastic reduction 
in perfusion pressure head [8]. Vasodilators given intra-arteri-
ally in the isch emic limb ha ve been extensively used in gener -
alized scleroderma [20,21], but usually with out beneficial effect. 
Since their effect on vessels to proximal nonisch emic areas may 
decrease the d istal arterial pressure a nd blood fl ow by a' steal 
phenomenon, this lack of effect is not suprising. Reduction of 
hematocrit OJ' induction of a m oderate arterial hypertension 
could be expected to be of benefit [8]. T hese considerations are, 
of course, most im portant in the late stage of scleroderma. 
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Announcement 
The XII Annual M eeting of the European Society for D erma tological R esearch (E.S.D.R.) will be h eld 
in the RaiCongrescentrum, Amsterdam, Holland, April 4-7, 1982. 
T h e Central Theme of this m eeting will be: "The Pharmacology of Inflammation." Invited exper ts who 
will deliver introductory lectures related to the Central The me include Dr. B. Czarnetzki (Munst er , FRG), 
P rofessor D . Dumonde (London, Engla nd) and Professor Lembeck (Graz, Austria) , a nd th ere will be 2 
workshops on that topic chaired by Professor Greaves (London, Engla nd) , Professor S0ndergaard 
(Copenhagen, D enmark) and Dr. Wasserman (San D iego, Cal. , U .s.A.). The major part of th e meeting 
will, however , continue with free communications as in th e past years. At tendan ce will be open to all 
m embers, contributors and guests. Abstracts should be submit ted on th e official form. No discrimina tion 
will be made by th e P rogramme Commit tee between abstracts related to the Cen t ral Them e and 
nonrelated a bstracts. 
The deadline for submission of a bstracts is D ecember 1, 1981. Abstract forms can be obtained from: 
H erbert Honigsm ann, Secretary-E.S.D .R. , Department of D ermatology (I) ., University of Vienna, Alser-
strasse 4, A-l090 Vie nna, Austria. 
